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Honorable John Glenn
United States Senate
Washington, D .C . 20510

REPLY TO ATTENTION OF: 5RA-14

Dear Senator Glenn:

Thank you for your staff's participation in the November 28,
1990, conference call regarding the design investigations
proposed for the Industrial Excess Landfill Site (IEL) in
Uniontown, Ohio. The United States Environmental Protection
Agency (U.S. EPA) understands and shares your concern regarding
the IEL site's actual and potential impact on public health and
the environment. U.S. EPA is committed to properly designing and
implementing the IEL remedy, and it is our intention to collect
the necessary information to meet that commitment. As you are
aware, U.S. EPA established the IEL Technical Information
Committee (TIC) in order to solicit as much technical expertise
as possible. We are pleased to report that the IEL TIC has been
very useful as a forum for the exchange of technical information,
and TIC comments have resulted in positive changes to the design
investigation. We welcome the continued participation of the
community, government agencies, and elected officials in the IEL
TIC.

During the conference call, Bob Alvarez of your staff asked
several questions regarding U.S. EPA's sampling strategy for
radiochemical analyses. Mr. Alvarez expressed concern with
respect to the adequacy of U.S. EPA's approach to the radiation
testing and requested additional rationale supporting our
approach. In the attachments to this letter, we have provided
detailed responses to these requests.

For the radiation survey of IEL, U.S. EPA has chosen to rely on
the method of sampling groundwater and landfill leachate, with
comprehensive radionuclide analysis. Mr. Alvarez requested
justification of EPA's reasoning for not characterizing the waste
material by soil core sampling with analysis for radionuclides.
Attachment 1 illustrates the statistical probabilities for
locating radioactive wastes based on the number of boreholes and
samples to be taken. EPA is proposing to perform six intrusive
boreholes into the landfill. The intent of this is not for waste
characterization but rather to determine the depth of the waste
within the landfill, the depth of the water table, to
characterize the hydrogeology of the unconsolidated sediments,
and to determine the concentration of any contaminants found
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within the landfill.

As can be seen in Attachment 1, if it is assumed that a volume of
10 cubic yards of radioactive waste is present within the 30 acre
landfill (refer to Attachment 2 for potential radiological
contaminants and estimated volumes), the probability of locating
the radioactive waste for the first time with 50,000 boreholes is
only 22%. The risk to on-site health and safety from intrusive
drilling, the associated schedule delays, and the cost of this
enormous sampling and analysis effort are significant barriers to
comprehensive waste characterization.

If radioactive contaminants are contained within the landfill,
based upon Nuclear Regulatory Commission license information and
CERCLA 104(e) information responses, the possible volumes would
range from 1 cubic foot to 10 cubic yards, and consist
exclusively of intact or ruptured sealed sources of the isotopes
listed in Attachment 2. The usual method by which such sources
would be located is through drilling a gridded pattern of
boreholes followed'by logging the boreholes with a highly
sensitive gamma probe such as a large sodium iodide crystal. The
borehole spacing would be dictated by the effective radius that
the probe could "see" the source above background without being
completely shielded by surrounding soil. This distance is
computed to be in the range 3-4 feet for an unshielded radium
needle or 1000 millicurie cesium source as listed above, however,
it would drop to less than 1.5 feet for the same source still in
its shielded container. For a 30 acre site, location of an
unshielded radium or cesium source by gamma logging (with 78%)
probability) would take a five foot grid spacing or approximately
52,000 boreholes. For the same source in its shield, a three
foot grid spacing would require 145,000 boreholes. On a ten foot
grid (13,000 boreholes) there would be only 28% probability of
seeing an actual unshielded radium or cesium source, and only
7.5% probability of seeing the same source if still in its
shield. The probability of location of an unshielded radium or
cesium source with a single gamma logged borehole is on the order
of 20 chances in a million under ideal conditions. The
likelihood of location of the lower energy gamma and beta sources
by gamma logging would be much lower. EPA thus concludes that
this approach is impractical.

In response to another concern raised by Mr. Alvarez, regarding
EPA's confidence level in using groundwater monitoring results to
analyze for radionuclides, the Agency is in the process of
performing its statistical analysis of the probability of
detecting radionuclides via groundwater monitoring. This
statistical analysis is extremely detailed, and we expect to
complete it by mid-January, at which time EPA will convey the
results under a separate cover.



Another concern raised by Mr. Alvarez was with respect to EPA's
proposed approach to sample soil gas to analyze for radon
concentrations. As discussed in the conference call of November
28th, EPA intends to modify its sampling protocol in order to
measure the average radon influent to the Methane Venting System
(MVS) over time, and to use this measured source term in its
Clean Air Act compliance tool, AIRDOS-EPA to model impact to
nearby residents. Please refer to Attachment 3 for a complete
discussion of the presence of radon with respect to the Methane
Venting System.

EPA believes that the extensive groundwater and soil gas testing
that is being conducted at IEL will identify any problems that
exist. Once again, EPA emphasizes that its design investigation
has been developed as a "phased approach". If the initial rounds
of sampling identify elevated levels of either radiological
materials or toxic contaminants in any environmental pathway, EPA
will re-evaluate the need for more extensive rounds of testing.

Once again, U.S. EPA extends its appreciation to you and your
staff for its involvement in the TIC process. The Agency hopes
that the enclosed materials, as well as the summary of research
in progress, provides the requested justification of our
confidence in the proposed sampling approach for the remedial
design studies for IEL. EPA expresses its willingness to
participate in a conference call to address any questions that
may arise as a result of reviewing the enclosed materials. As
always, EPA is willing to meet with representatives of your
office as well as Senator Metzenbaum's office to discuss in
greater detail any aspect of the remediation at IEL. Please feel
free to contact me if you have any questions.

Sincerely yours,

Valdas V. Adamkus
Regional Administrator

Attachments

cc: Hon. Metzenbaum w/attachments



ATTACHMENT 1

MENO

To: Linda Kerrv Region 5 EPA
Jim Benetti, EPA
Ken Brown, EPAVEMSL, Las Vegas

From: AK Singh, UNLV\ERC, Las Vegas

Date: December 3, 1990

Subject: Probability computations for soil sampling at the IEL site
in Uniontown, OH

With reference to my memo of Nov. 30, '90, here are the results of
my computations on the first problem, related to soil sampling. The
problem is described below for the sake of completeness:

Assume that a volume V of radioactive waste is buried in the IEL
site of total volume 2,000,000 cubic yds., and also that no
information is available about the location of the radioactive
waste in the landfill. Compute the probability of hitting the
radioactive waste for the first time as a function of number of
boreholes N (of size 6" diameter, 60 ft. depth - a l l of the soil
from borehole to be analyzed). Computations are to be done for 3
different scenarios: (a) V = 1 cu ft = 1/27 cu yd (b) V = 1 cu yd.,
and (c) V = 10 cu yds.

Figure 1 (NOT drawn to scale) Borehole in a landfill
radioactive waste

with
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I am making the following assumptions for my computations:

(i) Radioactive waste is randomly distributed in the landfill.

(ii) Borehole locations are chosen independently from each other.

(iii) The analytical method used in soil sampling does not give
false positives or false negatives.

Let X =• number of boreholes in order to detect radioactivity for
the first time

p - V/Total landfill volume = V/2000000

It is known (Hines & Montgomery, 1990 : Probability and Statistics
in Engineering and Management Science, 3rd ed., John Wiley, pp.
159-161.) that, under the above assumptions, the distribution of
the random variable X can be approximated by the geometric
distribution:

P(X = n) - (1-p)n"1 p, n = 1, 2, ...

The cumulative distribution function is given by

P(X < n) - PCX = 1) + P(X = 2) + ... + P(X = n).

The.' input data is summarized be low :

Total volume of the landfill = 2000000 cu yds
v

Borehole dimension = 6" diameter, 60 ft depth
(all of the soil from borehole
to be analyzed)

V - volume of radioactive waste in the landfill.

RESULTS OF PROBABILITY COMPUTATIONS

(1) Since the volume of soil from a borehole equals 0.4363 cu yd,
exhaustive sampling would take 4583662 boreholes, i.e., it would
take 4583662 boreholes for sampling the entire landfill.

(2) Table 1 gives the cumulative probability distribution of number
of boreholes needed to first hit radioactive soil for the three
values of V suggested by Region 5 EPA.



Table 1 : P(Number of boreholes to hit radioactive waste for the
first time < n) = P(X < n)

n

5

6

7

8

9

10

10000

50000

UP4H

V = 1 cu ft

0.00000011

0.00000013

0.00000015

0.00000017

0.00000019

0.00000020

0.0002

0.001

SiflOOOOD

V = 1 cu yd

0.0000030

0.0000035

0.0000040

0.0000045

0.0000050

0.0000055

0.005

0.025

MOPOM

V = 10 cu yd

0.000030

0. 00-0035

0.000040

0.00004-5

0.000050

0.000055

0.05

0.22

200000

The last row of the table gives the average number of boreholes
recuired to hit radioactive waste for the first time. For example,
if the total volume of radioactive waste present in the landfill is
10 cu yds., then on the average, it would take 200,000 boreholes to
hit the radioactive waste for the first time.

The other rows in the table show the cumulative distribution
function of the number of boreholes in order to hit the radioactive
was;te for the first time. For example, if V - 1 cu ft, then the
probability that it would take less than or equal to 10 boreholes
sto hit the radioactivity waste for the first time equals 0.0000002.
Even with V - 10 cu yds., the probability of hitting the
radioactive waste for the first time in less than or equal to
50:000 boreholes is only 0.22.

It is clear from Table 1 that if the total volume of radioactive
was>te is < 10 cu yds, then samples of very large sizes have very
small probabilities of detecting it.



ATTACHMENT 2

POTENTIAL RADIOLOGICAL CONTAMINANTS AND ESTIMATED VOLUMES

The period of active use of the landfill (1966-1980) is within the
timeframe during which all private users of radioactive materials in the
U. S. were subject to the regulations of the Nuclear Regulatory
Commission or those of its predecessor, the Atomic Energy Commission.
Review of current USNRC materials licenses for the potentially
responsible parties (PRPs) indicates that all of the tire manufacturers
have been licensed to possess sealed source materials in relatively
small quantities for use in industrial density gauges, and that these
companies are not licensed to possess other (unsealed) materials. (A
search of archived materials licenses has been requested of USNRC Region
III, but may take several months to complete. There appears to be no
reason to believe that these companies would have been previously
licensed to possess other than sealed sources used in manufacturing
gauges.) Based upon current license information, the maximum quantities
of various listed isotopes per sealed source are displayed below.

In addition, a request for information under CERdA 104 (e) authority was
made this summer to a number of military organizations and two hospitals
known to have used the landfill, and alleged to have disposed of
radioactive materials. This information was sent to Mr. Alvarez in
August of 1990. The responses that were received indicated possession
of very small sealed sources (check sources), several large radiographic
units (which were returned to their licensed owner) , a quantity of
monazite ore (containing thorium) which was exported to Holland under
AEC licensed transaction, (contamination associated with its storage was
disposed of at Maxey Flats, Kentucky), and references by two Akron
hospitals to possession of NRC licensed materials (short lived nuclear
medicine isotopes and small implant sealed sources) and state licensed
materials. State of Ohio Department of Health records indicate that
one of the two hospitals has been licensed by the state to possess
radium 226 in sealed sources (radium needles) . Of the state and federal
licensed medical sources only the radium needles (and possibly the
iridium 192 implants) are deemed significant from a the point of view of
unauthorized disposal since all other isotopes used in Nuclear Medicine,
(radioiodines, technetium, etc.), are selected intentionally to have
short half lives (to minimize patient dose), and would have decayed to
background shortly after the closing of the landfill.
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TABLE 1: POSSIBLE ISOTOPES PRESENT AS SEALED SOURCES AT IEL

ISOTOPE HALF LIFE MILLICURIES/SOURCE
(MAXIMUM)

Americium 241 432 years 500
Strontium 90 29 years 50
Cesium 137 30.2 years 1000
Iodine 125 59.9 days 500
Gold 198 2.7 days 40
Iridium 192 73 days 40
Krypton 85 10.7 years 2000
Cobalt 60 5.27 years 100
Nickel 63 100 years 15
Iron 55 2.68 years 20
Carbon 14 5730 years 5
Tritium (H-3) 12.3 years 300
Radium 226 1620 years 50

USEPA is currently in the process of evaluating the potential for public
impact from the long term presence of these sealed sources in the
remediated IEL, assuming eventual deterioration and complete dispersal
of the source. This has been requested of U.S. EPA Montgomery
Laboratory using the PRESTO computer model, a USEPA developed and
authorized code for modeling long term impacts associated with Low Level
Radioactive Waste sites. Based upon the results of this modeling, which
should be available within four weeks, we should be able to identify
sources of concern, for which a rigorous historical accountability can
be initiated.

Based upon regulatory records, and upon the existence of a regulatory
framework for radioactive materials during the entire period of
operation of the landfill, USEPA assumes that radioactive materials,
other than natural background may only be present in the form of small
intact or ruptured sealed sources as listed above. The total volume of
radioactive materials is thus likely to be very small, lying in the
range of one cubic foot for intact sources, up to a maximum of ten cubic
yards for ruptured sources. (Manufacturers specifications are available
for the sealed sources in question and indicate that the actual
radionuclides are usually fused within a ceramic matrix, and then sealed
inside a welded stainless steel capsule, which is in turn placed in a
source holder and source housing - the mobility of a ruptured source of
this type would thus be extremely low.) The fact that radioactive waste
volume if any is very small is of the utmost significance in design of a
survey.



ATTACHMENT 3

THE PRESENCE OF RADON 222 IN GAS SAMPLED IN THE METHANE VENTING SYSTEM

The value of 516 picocuries per liter which was measured in 1989 by the
Environmental Response Team is felt to lie within the range of normal
background values for soil gas. USEPA's Radon Reference Manual, (EPA
520/1-87-20, page 3-5) notes a typical range of radon in soil gas of
200-1000 picocuries per liter associated with the U.S. average soil
radium 226 concentration of 1 picocurie per gram. Mr. Allan Tanner, who
recently retired from the U.S. Geological Survey, and is regarded as a
world class expert on soil gas radon feels that the value of 516
picocuries per liter is significantly lower than the expected average
for Northeast Ohio. Region V has requested several authorities to make
available any soil gas radon data which has been measured in the
Northeast Ohio area, and is recommending that soil gas radon be measured
in locations distant enough from IEL to be considered background, as
part of the remedial design sampling plan.

The concern over discharge of radon at levels of over 500 picocuries per
liter, in the exhaust of the methane venting system is valid, and
warrants an assessment of potential impacts on the public. As discussed
in the phone conference call of November 28, 1990, USEPA intends to
modify its sampling protocol in order to measure the average radon
influent to the MVS over time, and to use this measured source term in
its Clean Air Act compliance tool, AIRDOS-EPA to model impacts to nearby
residents. In response to the general public concern evidenced in the
phone conference, Region V has requested the Office of Radiation
Programs - Las Vegas Laboratory to run the AIRDOS program using a radon
effluent of 516 picocuries per liter (0.47 Curies per year) from the MVS
operating at peak capacity. The program was run using 1986 Akron, Ohio
meteorology, with the locations of nearby residents identified from
aerial photographs. The output of the program is included as Attachment
4 and indicates that the overall impact under these conditions would be
to raise the average ambient level of radon by 0.000224 picocuries per
liter at the location of the most exposed individual. This number is
very small with respect to the average indoor radon level (1-2
picocuries per liter for the U. S.) , and corresponds to a lifetime risk
of 8.41 chances in ten million, (compared to 7 chances in one thousand
for average indoor exposure due to natural background). The reason
that this reduction from 516 to 0.000224 picocuries per liter occurs is
from dilution in the atmosphere over the 150 meter distance to the
nearest residence. Since this dilution is a linear function of initial
radon concentration, it would seem to suggest that soil gas
concentrations of 10 or even 100 times the measured value would have
little significance compared to natural background.



SYNOPSIS R E P O R T - CAP-88 (1.00)

10 Code: E XPE RMNT_IELF I LL1 Date/Time: THR 29 N o v e m b e r / 1990 7:53:49 PM

Facility: IELFILL1
Address: ADDRESS

City: CITY___
State: Zipcode:

Source Category: E X P E R M N T Source Term: 1936

Comments:
P R E P A R FOR IELFILL1. .

RN-222 EXPOSURE AND RISK FOR THE INDIVIDUAL AT M A X I M U M RISK

Location to the individual: 150 METERS NORTHEAST

Exposure in Working Levels: 5.98E-07
pCi/iiter at that location: 2.24E-Q4 Q
Lifetime "Fatal Cancer Risk: 3.41E-07

SOURCE TERM (1986)

Stack #1
Class Am a d Ci/yr TOTAL

0.00 4.70E-01 4.705-01



IE: E X P . R M NT I E L F I L L 1 D A T t / T I M E : T H R 29 \CCO E : E X P u R M N T _ I E L F I L L l D AT t / T IM E : T HR 29 November, 19^0 7:53:4"= PM P A G E 2

D I S T A N C E S USED F O R M A X I M U M I N D I V I D U A L A S S E S S M E N T

150 183 300 545

R E F E R E N C E FILE N A M E S FOR A S S E S S M E N T

JCL FILE ===> CAAR.CAA88.EXPERMNT(IELFILL1)
4 L L R A D FILE = = = > CBNRACS.CAA88.DAT A ( A L L R A 088)
ST A R PILE ~~= = = >~~CAAR.CAA88. STA RLIB ( C AKO 5 57 )
P P E C A FILE == = > CAAR.AIRDOS.LI8UOAIND)
R A D R I S K FILE = = = > CBNRACS.CAA88.RADR ISK.V8401RBM
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DATr THR 29 N o v e m b e r / 1990 7:53:49
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10E-01
89E-02
57E-02
80E-02
07E-01
82E-02
41 E-02
67E-02
14E-02
03E-01
18E-01
09E-01
09E-02
72E-02

CLASSES (
5
5
4
5
4
5
4
4

"5
6
6
7
6
6
5
6
5

.44E-01

.42E-01

.726-01

.33E-Q1

.56E-01

.47E-01

.49E-01

.64E-01

.06E-01

.35E-01

.80E-01

.32E-01

.07E-01

.16E-01

.81E-01

.33E-01

.79E-01

W
1
1
1
1
1
1
1
1
1
8
8
6
9
8
1
1
1

IND TOWARDS )
.59E-01
.46E-01
.51E-01
.56E-01
.57E-01
.34E-01
.646-01
.63E-01
.40E-01
.77E-02
.48E-02
.23E-02
.41E-02
.91&-02
.19E-01
.22E-01
.20E-01

1 .96E-01
1 .65E-01
2.21E-01
1 .32E-01
2.21E-01
1 .52E-01
2.30E-01
2.14E-01
2.17E-01
1 .41 E-C1
1 .01 F-01
"6.89E-02
1 .45E-01
1 .23E-01
1 .44E-01
1 .20E-C1
1 .54E-01

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

.COE+00

.OOE+00

.OOE+00

.OOE+00

.OOE+00

.OOE+00

.QOE^OO

.COE+00

.OOE+00

.COE+00

.OOE+00

.OOE+00

.OOE+00

.OOE-t-00

.OOE+00

.COE*00

.COE*00

R i l N F A L L R A T E
R R = 100.0 ( C M / Y )

A V E R A G E A I R T E M P E R A T U R E

T A = 10.0 (DEC C)

S U R F A C E R O U G H N E S S LENGTH
ZC= 0.010" (M)

HEIGHT OF WIND M E A S U R E M E N T S
Z= 10.0~(M)

2 8 3 . 2 ( K )

A V E R A G E
U B A R =

S P E E D
4 . 4 4 - ( M / S )

V E R T I C A L T E M P E R A T U R E G R A D I E N T S
S T A B I L I T Y E ~" 0 .073
S T A B I L I T Y F 0.109
S T A B I L I T Y G 0 .146

( T G ) ( K / M )



*C A 7 E T h - 29 Ncvanca'-/ 1 > ̂  ; 7 : - ' : u •= = v

*LI5T C= INPUT D A T A =CR NUCLICE RN-222

R A D I O A C T I V E C E C A Y C O N S T A N T ( = = R C^Y)

ENVIRONMENTAL DECAY CON ST AKT — SURF ACE (PER DAY)

ENVIRONMENTAL DECAY CONSTANT--WATER (PER DAY)

A V E R A G E FRACTION OF ANIMAL'S DAILY INTAKE OF NUCLIOE
WHICH APPEARS IN EACH L OF MILK (OAYS/L)

FRACTION OF ANIMAL'S DAILY INTAKE OF NUCLIDE
WHICH APPEARS IN EACH KG OF FLESH (DAYS/KG)

CONCENTRATION FACTOR FOR UPTAKE CF NLCLIDE FRCM SOIL FOR
PASTURE AND FORAGE
(IN PCI/KG DRY WEIGHT PER PCI/KG DRY SOIL)

CONCENTRATION FACTOR FOR UPTAKE CF NUCLIDE FROM SOIL 3Y
EDI3LE PARTS CF CROPS
(IN PCI/KG WET WEIGHT PER PCI/KG DRY SOIL)

GI UPTAKE FRACTION (INHALATION)

G niPT A K E " PR ACT ICN^INGESTI ON >"

PARTICLE SIZE (MICRONS)

C . 1 3 E + C r

0.55E-C4

O.OOE~+CC

"O.OOE+GC

Q.OOE+CC

O.OOE+CC

O.OOE+CC

O.OOE+CO

G.OOE+CO

0.005+CC

SOLUBILITY CLASS



^ v L r 1 7 J . L,

- j"r L E V ' L S c C - S i C ^ T - L I = E P R C G E f Y C = R N - 2 2 2
A T V i S I C L S L O C A T I O N S I N T J E E N V I R O N M E N T

A R E A E X P O S U R E L 5 V E L ( . 7 EGF) A D J U S T E D
( P E R S O N . W L ) EGUIL. F R A C T .

WIND
TOWARD

N
N
N
N
NNW
NNW
NNW
NNW
NW
NW
NW
NW
WNW
WNW
WNW
WNW

JU.if
A
W
WSW
wsw
WSW
wsw
SW
SW
SW
SW
ssw
ssw
SSw
ssw
5
s
s
s
SSE
SSE
SSE
SSE
SE
SE
SE
SE
ESE
ESE
ESE

DISTANCE
(METERS)

1~50
133
300
545
150
183
200
545
15C
183 "
300
545
150
133
300

1 545
^50
vjpjjjj-
TOu
545
150
183
300
545
15C"
183
300
545^"
150
183
300
545
150

" "183^
300
545
15C
183
300
545
150
183
3QC
545
15C
133
30C

9.1E-C7
6.2E-07
5.2E-C7
2.7E-C7
5.6E-07
5.0E-C7
3.15-07
1.5E-C7
7.CE-C7
6.3E-C7
4.CE-C7
2.1E-C7
3.2E-C7
2.9E-C7
1 .8E-G7
8.9E-08
4.55-07
4.1E-07
2.6E-C7
1.4;-C7
4.1E-C7
3.7E-C7
.2.3E-C7
1.1E-C7
5.7E-C7
5.25-C7
3.3E-C7

~~ 1.8E-07
3.8E-C7
3.5E-07
2.2E-C7
1 .2E-C7
5.2E-07

~ 4.7E-C7
3.CE-C7
1.6E-07
5.7E-07
5.CE-C7
3.1E-C7
1.4E-07
1.1E-06
9.4E-07
5.5E-C7
2.55-C7
9.CE-C7
7.9E-C7
4.5E-C7

ADJUSTED
EXPOSURE
LEVELS

0.27

"0.25
0.27

JD.27
0 .2 9 ~
0.2 =
0.27
0.27
0.2?
0.29
0.2?
0.27
0.2«
0.29
0.27
0.27
0 .23
0.29
0.27
0.27
0.2'
0.29
0 .2 T

0.27
0.23
0.29
0.27
0.27
0.2?
0 . 2 C
0.27
0.27
0 .23
0.2C

0.27
0 .27
0.2c
0.29
0.27
0.27

0 .2<3
0.27
0.27
0 .23

1

1

3.5E-07
3.2E-07
2.1cj^07
1.1E-07
2.1E-07
1 .9 EH37
1.2E-07
6.45-08
2.7E-07
2.4E-07
1.6E-07
8.8E-08
1.2*E-07
1.1E-07
7.1E-08
3.7E-08
1.7E-07

rc c-uY
5.7E-08
1.6E-07

Q.1E-08
4.7E-08
2.2E-07
2.GE-07
1 .3E-07
7.4E-D8"
1.5E-07

3E-07
8 .3E-03
4 . 5 E - O S
2.0E-07
1.8E-D7
1.2E-07
6.4E-08
2.2E-07
2.CE-07

2E-07
6.CE-08
4.1E-07
3.6E-07
2.2E-07
1.CE-07
3.4E-07
3.1E-07
1 .SE-07



rs =
»-~

* -
P_
E

7~ENE
, ENE
,; ENE
< _ELyjL
< ™£cS
- NE
~tfE

t NE
NNE

~NNE "
NNE
NNE

, z^-

1 5 C
1 33
30C
5 4 5
1bU
183
300
-^-s-
gaBlBj

183
500
5 4 5
150
133
300
545

c. . _ r — -

1 , C E - C s
9. 3 E - C 7
5 . 6 E - C 7
2 . 6 E - C 7
1.'3E-C6
1.1E-06
6.65-07
3 .CE-C7
1.6E-C6
1.45-06
8.45-07
4.CE-07
9.3E-07

~ 8.2E-07 "
5 . C E - C 7
2 .4E-C7

0 . 2 -
0 . 2 7
0 .27
0 . 2 c
0 .2?
0.27
0.27
0.28
0.<!V
0.27
0.27
U.2S
0.29
0.27
0.27
0.2?
0.29

5 .4E-C7
'3.3E-07
1.7E-07
3.5E-07
3.2E-C7
2.CE-D 7

1.CE-07



STA

C LA
N

..XNE
NE

. EME
E

• ESE
. SE
SSE

S
SSW
SW

WSW
W

W"U/
NW

NNW

CLA
N

NVE
NE

ENE
, c

"E5~E
SE

^ SE

SSW
SW

WSW
W

WNW
*4W

NNW

CLA
N

NNE
NE

ENE
E

ESE
SE

SSE
S

SSW
SW

WSW
W

,W>lfc
NW

NMW

R

ss
2
1
2
2
7
— '
2
1
1
2
1
3
2
1
1
2
s

SS
3
T

7
2
4
i
8
5

"7"
5
1
9
£
4
7
1

SS
3
2
2
2
2
2
3
4
4
2
P
5
4
£

3
1

C A

INPUT

: A
.2CCE
.200E
.OOOE
.500E
.700E
-100E
.90CE
.700E
.70CE
.50CE
.70CE
.8CCE
.200E
.500E
.600E
.100E

: B
.0005
.9005
il4GGE
.3CCE
.9005
.6DOE
.400E
.3CCE
7Q~GOE~
.10CE
.2805
.5QCE
.5COE
.90CE
.3005
.700E

: C
.60CE
.5005
.70CE
.10CE
.3CGE
.OOCE
.5005
.50CE
.3CCE
.8CCE
.OOCE
.3CCE
.20CE
. 2CCE
.SCCE
.500E

/ u:

-04
-04
-04
-04
-04
-04
-04
-04
-04
-34
-04
-04
-04
-04
-04
-04

-04
-04
-34
-04
-04

T-* 2 -

\3 F • E

2.300E
9.COOE
1 .800E
2.100E
1 .»OOE
1 .4005
2.300E
2.5005
2.500E
1 .600E
4.300E
3.4QOE
1 .6005
1 .600E
3. OOOE
2.100E

8. OOOE
6.900E
1 . 260E
1 .C3CE
8.900E

N c v/

CUES

-04
-05
-C4
-04
-04
-04
-04
-04
-04
-04
-04

-C4
-04
-04
-04
-04

-04
-04
-03
-C3
-04

*" p ~ a •"

C I E i

C.COC
C.OOC
c.ooc
c.ooc
c.ooc
c.ooc
c.ooc
c.ooc
C.COC
c .coc
c.ooc
c.ooc
c.ooc
O.OOC
c.ooo
c.ooc

6.60C
5.00C
5.QOC
6.90C
6.20C

-04~6.90CE-04 4.80C
-04
-04

-04
-03
-04
-34
-04
-04
-34

-04
-04
-04
-04
-04
-04
-04
-04
-04
-04
-04
-04
-04
-04
-04
-04

1.4905
9.600E
"8 79 0 0 E
1 .C30E
2.1105
2.20CE
1 .7305
1 .30CE
1 .3505
7.oOOE

1.170E
1 .330E
1.230E
S.70C5
1.490E
1.C8CE
2.C60E
1 .760E
1 .810E
1 .420E
4.C50E
3.110E
2.310E
1 .580E
1 .3305
1 .C30E

-03
-04

-03
-33
-03
-03
-03
-C3
-04

-03
-03
-03
-04
-C3
-03
-G3
-03
-03
-03
-03
-03
-03
-C3
-C3
-C3

8.QOC
5.700
"573GC
£.70C
1 .60C
1 .580
1.12C
1 .05C
1 . 2t>C
5.30C

2.08C
1.83C
3.13C
1.85C
1 .750
1.44C
3.34C
2.C4C
3.41C
4.44C
7.53C
6.38C
4.60C
3.82C
4 . 0 3 C
2.59r

1 -

c + CC
E + OC
E + OC
5 + CC
E + CC
E + CC
E + CC
E + 00
E + OG
£*GD
E + OC
E + CC
E + 00
5 + 00
E + 00
5 + CC

E-04
E-04
E-C4
E-04
E-04
£-04"
5-04
E-C4
E-04
E-04
E-G3
E-03
E-G3
E-03
E-G3
E-04

E-03
E-03
E-03
E-C3
5-C3
E-03
E-03
5-C3
E-03
E-C3
E-03
E-03
E-03
E-C3
c-U7

E-33

0.
0.
0.
C.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.

0.
0.
"0.
0.
c.
\J m

0.
0.
"o;
0.
c.
0.
0.
0.
0.
0.

3.
1 .
3.
2.
2.
1.
2.
7.
4.
9.
1.
1 .
S.
7.
5 .
4.

F = :V )

COOE+00
GOOE+OQ
OOOE+00
CC05+CO
COOE+OG
COOE+00
0005+00
COOE+00
COOE+00
COOE+30
COCE+00
COC5+00
COOE+00
COOE+00
COOE+00
COOE+00

COCE+00
COOE+CO
GOOE+GO
CGOE+30
COOE+00
TJOOE+UO
OOOE+00
COOE+00
COOc+00
COCE+00
COOE+00
COCE+00
COOE+00
GOOE+00
COOE+00
COOE+GO

900E-C4
4QOE-C4
C005-04
730E-04
300E-C4
4005-04
100E-04
COOE-05
6005-04
£005-04
3005-03
370E-03
5005-04
1C05-C4
70CE-04
:OGE-04

O.OOCE+OC
0.0005+OC
0. 0005+00
O.OOCE+OC
O.GOC5+OC
0. OOOE+00
O.OOCE+00
0. OOOE+00
O.OOOE+OC
O.OOCE+OC
O.OOCE+OC
O.COCE+OC
C.OOC E+OC
O.COGE+00
O.OOCE+00
C. COCE+00

O.OOOE+OC
G.OOCc+OC
O.OOGE+OC
O.COCE+OC
O.OOCE+00
~D .~D 0 G E + 0 0
O.OOCt+00
0.0005*00
O.GOGE+OG
O.OOCE+OC
O.COGE+OC
oroocE+oo
C. COOE + 00
O.OOCE+OC
O.OOGE+00
O.OOCE+OC

O.OOCE+OC
O.COCE+OG
O.OQCE+OC
G.CGCE+OC
O.OOCE+OC
0. OOOE+00
O.GOCE+OC
2.0CCt-05
0. COCE+00
2.CGC5-05
5.COCE-05
1 .400E-04
7.COC5-05
5.CCCE-G5
2. OOCE- 05
O.CCCE+OC

O.COCE^CC
0.0005+CO
C. OOOE + 00
0. OCOE + 00
0. OOCE + CO
C. OOCE + CO
O.OOCE+00
O.OOOE+GO
0. OCOE + 00
O.OOOE+GO
O.C005fOC
C. COCE + CO
C. COOE+CO
C.OOOE+GO
0. OOOE+00
O.OOGE+CC

0.0005+00
0. COCE+CO
0. OCOE+CO
0. OOOE+CO
O.CCGE+GC
0. OOOE+00
0. OOOE + CO
O.COOE+OC
C. OOOE + CC
C. OOOE+CC
C. OOOE+CC
"0. GOOE + CO
O.CC05+CO
0. OCOE + CO
0. OOOE + 00
G. COOE + CO

0. OOCE+CO
C. OOOE + CO
0. GOOE + CO
C.OCOE+'CO
0. OOOE+CC
O.GOC5+CC
0. COOE+CO
C.GCOE+CO
C.OOOE+GC
C. COOE + CO
O.OOCE+00
0. OCOE+CO
0. COOE + CO
C.COOE^CC
0. COO E+CC
C.CCHE+CC



C 4 T 5 T

; T A ? I N P U T , M\ iE: (

CLA
N

^NE
NE

ENE
E

ESE
SE

SSE
S

ssw
SW

WSW
W

WNW
NW

NNW

CLA
N

NNE
M E

CN5
c

ESE
SE

->SES
SSW
SW

wsw
W

WNW
NW

NNW

CLA
N

N\-
NE

ENE
" E

ESE
SE

SSE
S

SSW
SW

WSW
W

^NW
* V I W
N M W

SS : C
7.900
4.900
1.04C
4.700
5.60C
2.700
9.700
5.10C
7.300
6.7CC
1 .27C
9.60C
1 .210

E-04
5-04
E-03
E-04
5-04
E-04
E-04
E-04
E-04
5-04
E-Q3
E-04
E-03

3.70CE-04
8.600
4. SCO

SS: E
0.000
c.ooc
c.ooc
c.coo
c.ooc
c.ooo

E-04
5-04

E + OC
E + OC
E + QC
E + OC
E + OC
5 + OC

C.OOCE+OC
G.OOO
O.OOC
c.occ
C.OOG

E + OC
E + OC
5 + OC
5+CC

C.OCGE+OC
C.OOC
C.OCG
C.OGC
C.OCC

SS: F
3.040
2.32C
3.76C
1 .570
27830
1 .18C
5.410
2.93C
6.07C
3.440
6.55C
3.370
3.79G
1 .6SC
2.37C
2.UC

5 + OC
5 + OC
5 + OC
5 + OC

£-03
5-03
E-03
E-03
5-03
E-03
E-03
E-03
E-03
E-03
E-03
E-03
E-03
5-33
5-31
E-03

4.51CE-G3
3.6405-03
4.7305-03
2.C3CE-C3
4.G70E-C3
2.C805-03
5.510E-C3
3.25CE-C3
5.1305-G3
4.2305-33
9. 2705-03
6.91QE-C3
7.1«*C£-C3
3.6205-03
4.940E-03
4.32CE-C3

2.400E-G3
2.C8CE-03
3.550E-C3
1 ."=405-03
3.2305-03
2.380E-03
5.240E-03
3.5005-03
6.C20E-03
4.670E-03
6.75C5-G3
4.120E-C3
3.410E-03
1 .350E-C3
2.490E-03
1 .740E-03

6.82CE-03
4.900E-03
7.9405-33
3.50GE-03
5.490E-03
2.240E-03
8.120E-03
4r64TOE-03
1 .C7SE-C2
5.970E-C3
1 .160E-C2
8.190E-C3
7.850E-C3
3.13CE-C3
5 . 3 3 G E - C 3
4.233E-03

«.36C
6.6<+G
1 .107
5 .36C
7.33C
6.3oC
1 .393
1.002
1 .954
1 .65C
2.634
1.83S
1 .705
1 .311
1 .675
1 .034

3.9&C
3.41C
4.73C
2.54C
2.70C

£-03
5-03
5-02
5-C3
E-G3
5-03
E-02
E-02
5-02
5-32
E-C2
E-C2
E-02
E-02
E-02
5-02

E-03
E-C3
E-C3
5-03
E-03

1 .67CE-03
4.00C
3.2GC
7.6<+C
4.92C
8.26C
4.62C
4.12C
3. COG
4.45C
2 . 2 2 C

C.OOC
C.OOC
C.COC
C.QOC
crooc
c.ooc
c.ooc
"C.COC
c.ooc
C.QOC

E-C3
5-C3
5-03
E-C3
5-03
5-03
E-03
5-03
5-03
E-33

E + 00
5 + CC
E + OC
E + CC
5 + CC "
E + CC
E + OC
E+"OC
5 + OC
E + GC

G.OOCE+GC
C.OOC
C.COC
C.ODC
C.OOC
c.ccc

5 + OC
E + GC
E + OC
5 •*• CO
c + OC

7.
4.
5.
5.
4.
4.
8.
1 .
1 .
2.
3.
2.
1.
2.
2 .
1 .

0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.

0.
c.
0.
0.
c.
0.
0.
c.
0.
c.
0.
0.
0.
0.
n
W •

0.

2305-03
6205-03
4705-03
4905-03
1905-03
460E-03
120E-03
C07E-02
924E-G2
3955-02
C59E-G2
670E-C2
940E-02
732E-G2
567E-02
1215-02

GOOE+00
COOE+00
COC£*OC
CC05+03
COOE+00
0005+00
CGCE+CO
CG05+GO
CCOE+CO
COOE+OG
COOE+CO
GOOE+00
COOE+00
COOE+CO
COOE+CC
COOE+00

COCE+QO
COOE+CO
COC5+00
COCE+00
COOe+DO
COCE+00
CC05+00
COCE+00
CCC5+CO
C005+00
C005+00
COOE+00
COOE+00
COOE+00
COOE+CO
COOE+00

4.
2.
4.
4.
2.
1.
2.
1.
1 .
3.
4.
5.
3.
5.
6.
1 .

0.
0.
C.
0.
C.
0.
c.
c.
0.
0.
0.
0.
0.
0.
c.
0.

c.
0.
0.
0.
0.
0.
0.
c.
0.
c.
0.
0.
0.
0.
0.
G.

1005-G4
50C5-04
600E-04
30C5-04
50C5-04
40C5-04
70CE-04
010E-03
97C5-C3
62CE-C3
62CE-03
13C5-03
32CE-03
79CE-03
1105-03
49CE-03

OOG5+OC
COCE+OC
OOC5+CC
OOC5+OC
OOC5+OC
OOGE+OC
COOE+OC
OOCE+OC
OOCE+00
COCE+OC
OOG5+OC
OOCE+OC
OOC5+OC
OOC5+CC
CCCE+OC
COOE+OC

COCE+OC
COCE+00
OOCE+OC
OCCE+OC
COCE+00
OOOE+00
OOOE+00
COCE+OC
COC5+GC
COCE+00
OQCE+CG
COCE+OC
COOE+OC
OOCE+OC
COCE+OC
COCE+30

1 .
C.
2.
5.
0.
0.
9.
5.
2.
7.
1 .
1 .
4.
6.
1.
8.

0.
0.
0.
0.
c.
0.
0.
0.
c.
0.
0.
0.
c.
c.
0.
c.

0.
0.
0.
c.
"C.
0.
c.
0.
c.
0.
c.
0.
0.
0.
0.
c.

4QC5-C4
OGOE+CO
COCE-C5
OOC5-C5
OOOE+CO
OOOE+CO
OOOE-C5
CCCE-C5
300E-04
1CC5-C4
10CE-C3
85CE-C3
600E-C4
700E-C4
580E-03
500E-C4

OOCE+CO
OOOE+CO
CCOE*CC
cooE+cn
OOCE+GC
C005+CO
OOOE+CO
OCOE-^CC
OOCE+CO
COGE+CC
CCCE+CC
COCE+CC
OOOE+CO
OCOE+CO
CGOE+CQ
OOOE+C3

OOOE+00
OOOE+CO
OOCE+GO
CCO E+CC
CG05+CO
OOOE+CO
C005+CG
OOCE+CO
cocs-^cc
OOOE+GO
OCGE+CC
OOOE+GD
COOE+CC
0 0 G 5 + C 0
OOOE+CC
COC5*CO
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K C M C T , N L M 5 5 ? CF * I L K C .1 T T L E

1 5 G 1 ?3 3 C C

' N
NNW
NW

WNW
W

WSW
SW

SSW
S

SSE
SE

ESE
E

ENE
NE

NNE

2
2
2
2
2
c
2
2
2
2
2
2
2
2
2
2

2
2
2
2
2
2
2
2
2
7

2
2
2
2
2
2

2
2
••n

2
2
2
2
2
2
2
2
2
2
2
2
2

2
-̂

2
2
2
2
2
2
2
2
2

" 2~
2
2
2
2



T H - 2~ \ C V S Tt 3 - / 1

R E A O r V E G E T A B L E C ? C I O N ( M * * 2 )

1 5 C

* N
NNW
NW

WN

WS

W
W
W

SW
SS

SS
S

ES

EN
N

NN

W
s
p
c

c

c
E
E
c

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

.CGE+G4

.OCE+C4

.COE+C4

.CGE+C

.COE+C

.CCE+C

4
4
4

.C05+04

.OOE+C

.CC5+C

.CCE+C

.CCE^C

.GOE+0

.COE+C

.COE+C

.CGE+C

.CCE+C

4
4
u
4
4
4
4
4
4

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

.OOE+C4

.C05+C4

.005+C4

.OOE+C4

.OOE+04

.OOE+C4

.005+04

.COE+C4

.005+C4

.COE+C4

.OOE+C4

.COE+C4

.00£+C4

.OOE+C4

.OOE+04

.OOE+C4

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

.coe+C4

.005+04

.OOE+C4

.CCE+CH

.CG5+C4

.COE+C4

.C05+04

.C05+04

.CGE+C4

.COE+G4

.CGE + C<+

.C05+C4

.COE+C4

.COE+C4

.COE+04

.COE+C4

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

.005+04

.OOE+C4

.00

.CO
5 + 04
5 + 04

.005+04

.00

.00

.00

.CO

.oc

.00

.00

.00

.00

.CO

E + 04
E + 04
E + 04
E + 04
5 + 04
E + 04
E + 04
5 + 04
E*04
E + CH
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E S T I M A T E D R A D I O N U C L I D E C O N C E N T R A T I O N S

• c -

ss:

Se

D I S T A N C E

( M ETERS)

150
1 »;
3CO
545
150
153
3CO
545
1 50
183
3CO
545
1 50
1?3
3CO
545
•L5 U.
H|fln̂

-co
54 J

1 C U

1 s j

3CO
545
1 50
1 a 3
3Cw
545
150
183
3CO
54 s
1 RU
1 5 3
3CO
545
1 50
123
3CU
545
1 50
183
3C3
545
1 S()
1 P 3
3CO
54 5
1 50
1 c 3
3CO
545
1 50

NUCLID

RN-222
RN - 2 2 2
PN-222
RN-222
RN-222
RN-222
RN-222
RN-222
R N - 2 2 2
RN-222
RN-222
R N - 2 2 2
RN-222
R N - 2 2 2
R N - 2 2 2
RN-222
RN-222
RN-222
R N - 2 2 2
R N - 2 2 2
R N - 2 2 2
RN-222
RN-222
R N - 2 2 2
R N - 2 2 2
R N - 2 2 2
R N - 2 2 2
RN-222
R N - 2 2 2
R N - 2 2 2
R N - 2 2 2
PN-222
R N - 2 2 2
RN-222
RN-222
RN-222
R N - 2 2 2
R N - 2 2 2
RN-222
RN-222
RN-222
RN-222
RN-222
R N - 2 2 2
R N - 2 2 2
RN-222
RN-222
RN-222
RN-222
RN-222
RN-222
RN-222
RN-222

A I R C O N C E N
(PCI/L)

1 . 3E-04
I .iE-04
7.4E-05
3.9E-05
7.9E-05
7.1E-05
4.4 — 05
2.2E-05
9. 9F-05
9.0E-05
5 .7E-05
3.05-05
A. 05-05
A . 1 E-05
2.6E-05
1 . 3E-05
o . 4E-05fpflBjjjjgBjy
3 .7F-05
2.05-05
5 .9E-Q5
3 . 3F-05
3.3E-05
1 .65-05
3. 25-05
7 . 45-05
4.85-05
2 .55-05
5.5E-05
5. 05-05
3.2E-05
1 .7E-05
7. 5E-05
0.35-05
4.3E-05
2. 2E-05
o. 1 F-05
7.2F-05
4.45-05
2.1F-05
1 . 5E-04
1 .3E-04
7.9E-05
3.6E-05
1 . 3 E - 0 4
1 . 1 E-04
6.55-05
2.9E-05
1 . 5E-Q4
1 .ZF-04
S. 05-05
3.3E-05
1 .3E-04

D R Y DEP RA TF
( P C I / M 2 / S )

O.OE+00
O.OE+00
O.OE+00
O.OE+00
O.OE+00
O.OE+00
O.OE+00
O.OE+00
O.OE+00
O.OE+00
O.OE+CO
O.OE+00
O.OE+00
O.OE+00
O.OE+00
O.OE+00
O.OE+00
o.oe+oo
O.OE+00
O.OE+00
0 .OE+00
O.OF+OC
O.OE+00
O.OE+00
O.OE+00
O.OE+00
O.OE*OG
O.OE+00
O.OE+00
O.OE+00
0.0^+00
O.OE+OC
C . OE+OC
O.OE+00
O.OE+00
O.OE+00
O.OE+CO
O.OE+00
O.OE+OC
O.OE+00
O.OE+00
O.OE+00
O.OE+00
O.OE+00
O.OE+CO
O.OE+00
O.OE+00
O.OE+00
O.OE+00
O.OE+00
o.oe+oo
O.OE+00
O.OE+00

WET OE P R A T E
(PCI/M2/S)

O.OE+00
O.OE+OC
O.OE+00
O.OE+00
O.OF+OC
O.OE+00
O.OF+OC
O.OE+00
0. OE+OC
O.OE+CO
O.OE+00
O.OE+OC
O.OE+OC
O.OE+OC
0.0C+OG
O.OE+00
O.OE+OC
O.OE+00
O.OE+00
0. CE+OC
O.OE+00
O.OE+OC
O.OE+00
O.OE+OC
O.OF+00
O.OF+GO
O.OE+OC
O.OE+00
O.OE+00
O.OE+OC
O.OF+00
C. OE+OC
O.OE+00
O.OE+OC
O.OE+00
O.OE+00
O.OE+00
O.OF+OC
0. OE+OC
O.OE+OC
O.OE+00
O.OE+00
O.CE+CC
O.OE+OC
O.OE+OC
O.OE+00
O.OE+00
O.OE+00
O.OE+00
O.OE+OC
O.OE+00
O.OE+OC
O.OE+OC

GND OE? P A T E
(PCI/M2/S)

O.OE+00
O.OE+00
O.OE+00
O.OE+00
O.OE+00
O.OE+00
O.OE+00
C. 05+00
O.OE+00
O.OE+00
0.05+00
O.OE+00
O.OE+00
O.OE+00
0.05+00
O.OE+00
O.OE+00
O.OE+00
O.OE+00
O.OE+00
O.OE+00
n. OE+OO
O.OE+00
O.OE+00
O.OE+00
O.OE+00
O.OE+00
O.OE+00
O.OE+00
O.OE+00
o.oe+oo
C. OE+00
O.OE+00
O.OE+00
O.OE+00
O.OE+00
O.OE+00
O.OE+00
O.OE+00
O.OE+00
O.OE+00
O.OE+00
C. OE+00
O.OE+00
O.OE+00
O.OE+00
O.OE+00
O.OE+00
O.OE+00
C. OE+00
0.05+00
0.06+00
O.OE+00
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***C°TICNS S E L E C T E ; F c ? CCSE AN: i \ T .. < 5 C A L C U L A T I O \ S * * »

C A L C U L A T I O N S A 3 E "AC5 F.S T^; «A X I M A L L Y - E X 0 0 S £ C I N 3 I V I O U A L . -

T A B L E S FOR E A C H N U C L I D E LISTING OOS5S BY O R G A N AND P A T H W A Y
AT EACH E N V I R C N N E N T A L LOCATION ARE OMITTED.

W O R K I N G L E V E L S ARE C A L C U L A T E D FOR RN-222 IF

N A M E S A R E INPUT.



1 i _ i : : - -

E - - \ ^ = \ T v A - :

N U M 5 E 3 0 C N L G L I D E S C C N S I C E R E : -j

T I N - 5 D E L A Y - - I N G E S T I O N C F P A S T L R 5 G R A S S 5 Y A N I M A L S ( h 5 ) O . O O t + C O

T I M £ 3 E L A Y - - I N G E S T I O N Oc S T O R E D F 5 E C B Y A M M J L S ( H R ) 0 . 2 2 E + C4~

JI_M£ OE_L_f l_Y_^- ING£ST_ION C^ L £ A = Y V E G E J A 3 L E S E Y M A N ( H R ) _CL34E + C 3

T I M E O E L A Y - - I N G E S T I O N O F P R O D U C E B Y M A N ( H R ) 0 . 3 4 E + 0 3

R E M O V A L R A T E C O N S T A N T F O R P H Y S I C A L L C S S E Y ~~ ~

W E A T H E R I N G ( P E R H C U R ) 0 . 2 9 E - C 2

P 5 R I C 3 O F E X P O S U R E D L R I N G G R O W I N G S E A S O N — P A S T U R E G R A S S (n D ) ~ 0 . 7 2 5 + C 3

PERIOD OF EXPO_SUR_E_JDLRING_ GROWIN^G_SJ_AS_CN-- _
C R O P S ' OR L E A F Y V EG'ET A 3 L E S "( H S ) " 0.1 4 E"+C~4~~

A_G R IC U L TL_R A L_ P_R 0_C U C T I V_I TY S Y _L__N_I_T__A_i? E A
" (GRASS" -CO~W- , V I LK -MAN P A T H W A Y ( K G / S C . M E T E R ) ) 0.2~SE + CQ~

A_G RI_CLU. T L R A L_ LR ° C U_C U-̂ IJL B^ UNIT A R E A
rPR~COUC"E~OR L~EA"FY"VTG INGEST5D~3Y M A N (K3/SC ^ETER)) "0.72E+CC

F R A C T I O N Cp Y5AK AM^ALS G=>AZ 5 ON P A S T U R E 0.40E + CO

FRACTION OF DAILY FEED THAT IS PASTURE G R A S S
W H E N AMMAL_ GRAZ_E_S ON P A S T U R E 0.43E + CC

CONSUMPTION R A T E CF C O N T A M I N A T E D F55D 0^ F C R A Q 5
^Y AN A N I M A L IN K G / C A Y (CRY _WJ_IG H T) 0_.1^6£ + C2

T R A N S P O R T TIV£ FROM A N I M A L FE5Q-MILK-MAN (DAY) 0.20E+C1

R A T E OF IixiGcSTION CF QROCUC5 BY VAN (K.G/Y5) 0.13E + C?

jR_A1rE_0_F_INGE_STI_CN__CP_MILK 3 Y _f A N J L IT 5 R S/Y R ) 0.11E + C3

R A T E C F I N G E S T I O N C F M E A T E Y V A N ( K G / Y R ) 0.855+C2

R A T E OF ING5STION Cc L E A F Y V E G E T A B L E S 3Y MAN (KG/YR) 0.15E+C2

A V E R A G E TI^E F R O V S L A U G H T E R Or M E A T A N I M A L TC
CONSUMPTION ( D A Y ) 0 . 2 0 E + C 2

FRACTION OF PROOLCE INGEST5D G R O U N IN G A R D E N OF I N T E R E S T 0.10E+C1

F R A C T I O N Op L E A F Y V E G E T A B L E S G<?OWN IN G A R D E N Cp I N T E R E S T 0.10E + C1

FERICD~OF LCNG-TERN- EUILDUP FOR ACTIVITY IN SOIL (YFARS) 0.102 + C3

EFFECTIVE SLR^ACE DENSITY OF SOILKG/SC. M, CRY WEIGHT.
(ASSUMES 15 C1* PLOW L A Y E R ) 0.225+C3

V 5 G E T A E L E I N G E S T I C N R A T I C~I MM£D I A T E
SURROUNDING A R E A / T O T A L WITHIN A R 5 A Q.765-C1



E 2 T I N G E S T I C N
A R 5 A / T ^ T A L v I

MLK IK G E S T I C N R A T I 0" I V M E 0 I AT E
S U R R O U N D I N G A R 5 C / T O T A L W I T H I N 1 A R E A o ̂  - +* > T

M I N I M U M FRACTIONS CF FOOD TYP5S FROM OUTSID5 A R 5 A
LISTED BELOW A R t ' A C T U A L FIXEC V A L U E S

^FRJU;-7101^ V E G E T A B L E S INGESTED FROM OUTSIDE A R E A

MINIMUM FRACTION MEAT INGESTED FROM OUTSIDE A R E A

M I N I M U M F R A C T I O N M I L K ING5ST5D FROM CUTSID5 A R E A

I N H A L A T I O N R A T E CF M A N (CUBIC C_E N T I M 5 T 5_R_S /Jj_R ) _

BUILDUP TIME FOR R AOIONUCLIOES DEPOSITED
__ ON GROUND AND W A T E R (DAYS) _ _______

DILUTION FACTOR FOR W A T E R FOR SWIMMING (CM)

FRACTION OF TIME SPENT SWIMMING

^USCLE_MA,S_S__OF_ANIMAL AT__SLAUGHTER (KG) _ _

FRACTION OF A N I M A L HERO SLAUGHTERED PE° DAY

"PTLK PRODUCTION C F ̂ CC~W~ ( LIT 5R S/DA Y)

FALLOUT INTERCEPTION FRACTION-VEGETABLES

FALLCUT INTERCEPTION FRACTION-PASTURE

F R A C T I O N OF RAOICACT I V ITY RETAINED ON LEAFY
V E G E T A B L E S ANC PRODUCE AFTE& WASHING

G.OGE+CC

O.OCE+CC

C.C05+CC

C.92E+C6

0.375+C5

0.105+C1

O.COE+CC

C.2CE+C3

0. 3 ? 5 - C 2

C.11E+C2

0.2Q5+CG

0.57E+CC

0.5CE+CC



+ C C < / P - I T E : V i L L c " = 3 r T - E A ; = - *

T C T A L D O F b l A T I C f > i 6 4 . C

T C T A L N U M B E R O F M E A T A N I M A L S 2 5 6

T C " T A T ~ K O W B 5 R ~ O F T« I1TR~C A T T L E " ~ " 1 2 £

T C T A L A R E A 0 ? V E G E T A B L E F Q C O C R O P S ( SQ_U_AR E _ K E T E R S ) 0 .64E + C 6

T O T A L M E A T C G N S U M P T I C N ( K G P E R Y E A P ) 0 . 5 4 E + C 4

T C T A C ^ R E T A T ~P50~OUCT I OK~~ «C- P £ - Y E A ? ) ~ " ~ 0.71 E + C5

T C T A L MILK C C N S U f P T I C N ( L I T E R S / Y E A R ) 0 . 7 2 E + C 4

T C T A L MILK P R O D U C T I O N ( L I T 5 R S / Y E A R ) 0.51E + G6

~TCTAL~V5GETABL'E ~FCCD~CON SUM ^T I ON " (KG P5R Y E A R ) ~ "' ~0.12E + C5

T C T A L V E G E T A B L E F O C D P R O C U C 5 C ( K G P E R Y E A P ) 0 . 4 6 E + C 6



; -CR N U C L I C E

= E R c ̂ Y )

E N V I R O N M E N T A L D E C A Y CON ST ANT~ -SURF AC E (PER DAY) C.5^£-C4

E N V I R O N M E N T A L D E C A Y C ONST ANT-- W AT 5R ( D£R DAY) C.OOE+CC

A V E R A G E F R A C T I O N C F _A_N_IM_A_L_'^ D A I L Y INTAKE OF NUCLIOE
WHICH APiPEAR~S~IN ~ETCH~tTOF~MILK~<OAYS/L> ~ " O.OOE + CC

FRAC_T_ION OF ANIMAL'S DAILY INTAKE OF NUCLIDE
WHICV A P P E A R S IN EACH KG OF FL5SH (OAYS/<G) ~ 0.005+CC

_AT_IO!LFACTCR FCR_JJPTJU5 CF NLCLIDE _FRCM SOIL FOR
PASTLRE AND F O R A G E " " ~ C.GOE+CC
(IN PCI/KG DRY WEIGHT PER PCI/KG DRY SOIL)

~FOR~U~°T4KE "C?~NL'CLIDE F"KOM"SOlT 3Y
EDIBLE PARTS CF CROPS G.005+CC

_ __ (IN PCI/KG WET WEIGHT P_E*_P_CI/KG D^Y SCI_L_)_ _ ______

GI UPTAKE FRACTION (INHALATION) C. 30E+CC

GI~ UP~TAKE FRACTION ~(ING£STION) G.OOE+CO

PARTICLE SIZE (MICRONS) 0.00 5+CC

SCLUSILITY CLASS



c A : _ 5 , - r L E V = L : 5 f Y
IOUS L O C A T I O N S IN T J E E

A R E A E X P O S U R E LEV£L(.7 5CF)
(PERSON .WL)

A D J U S T E D
EGUIL. FfiACT

WIND
TOWARD

\
N
N
N
NNW
NNW
NNW
NNW
NW
NW
NW
NW
WNW
WNW
WNW
"WNW "

0"**
>

-̂W
WSW
WSW
WSW
WSW
SW
SW
SW
SW
ssw
ssw
"ssw
ssw
5
s
s
s
SSE
SSE
SSE
SSE"
SE
SE

~

%̂
ESE
ESE
5S5

DISTANC5
(ME'TSRS)

150
1=3
3CC
5~45
150
183
30C
545
15C
133
300
545
15C
133
3GG
545

Slfe
TOG
545
150
183
300
545
15C
133
300
545 ~
150
183
3CC "
545
15C

~~ 183
300
545
15C
183
3CO
545
150
183
30C
545
1 5C
183
3GC

A D J U S T E D
E X P O S U R E
L E V E L S

1 E - C 7
2 E - C 7
2 5 - C 7
7 E - G 7
6E-07
C E - C 7
15-C7
5 E - C 7
C E - C 7

6 . 3 E - C 7
4 . C E - C 7
2 .15 -C7

2 5 - C 7
9 5 - C 7
S E - C 7
9E-C8
5 5 - C 7
1E-G7
6 E - C 7
4 5 - C 7
1 5-C7
7 E - C 7
3 5 - C 7
15-C7

5 . 7 E - C 7
5 . 2 E - C 7
3 . 3 E - C 7
1.8E-07
3 .3E-G7
3 . 5 E - C 7
2 . 2 5 - C 7

2 E - C 7
2 E - C 7
7E-C7
C5-C7
6E-C7
7 E - G 7

1

C E - C 7
1 E -C7
4E-C7
1E-C6
4 E - C 7
5 E - C 7
5 E - C 7
C E - C 7
9 E - C 7
6 C - C 7

0 . 2 - 7

0 . 2 7
0 . 2 '
0 . 2 -
0 .2 7

_0.27
0.2 '
0 . 2 -

0 . 2 7
0.2 :
0 . 2 9

0 . 2 7
Q . 2 3

0 . 2 ^ 5
0 .27
0 . 2 7

0 . 2 '
0 .2 -
0 . 2 7

0 . 2 7
0.2 =
0 . 2 ?
0 .2"
• 0 . 2 ?
0. 23
0.29
0 .27
0 .27
0 . 2 °
0 . 2 C

0 . 2 7
0 . 2 7
0 .23
0 . 2 ^
0 . 2 7
0 . 2 7
0 . 2 c
0. 23

0 . 2 7
0 . 2 7
0 . 2 C

0 . 2 5
0 . 2 7
0 . 2 7

0 . 2 :



i. :?.-: =
9 . 3 E - C "
5 . 6 5 - C 7
2 . 6 £ - C 7
1 .3E-C6
1 .1E-C6
6 . 6 E - C 7
3 . C E - C 7
1 . 6 E - C 6
1 . 4 E - 0 6

"8 .45-C7
4 . C E - 0 7
9 .3E -G7
6 . 2 5 - C 7
5 . C 5 - C 7
2 . 4 E - C 7

Q . 2 =
C . 2 7
0 . 2 7

C.2i
3. 2 =

" 0 . 2 7
0 . 2 7
0 .28
0 . 2 9
0 . 2 7
0 . 2 7

"0.23
0 . 2 9
0 . 2 7
0 .27
0 . 2 ?


